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Reports (1—12) on the fine structure of the fungi
have revealed a surprising complexity of intra-
cellular organization. Nuclei, nucleoli, mito-
chondria, peripheral bodies, various lipid or
storage granules, and cytoplasmic membranes
have been demonstrated. Parallel studies of
dermatophytes, using tbe electron and light mi-
croscope, have been confined almost entirely to
the effects of griseofulvin (13, 14). Translocation
of nutrients in fungi have been studied using
radioactive tracers (15—18).
In order to define more precisely the variations
in morphology of normal hyphae, observations
are reported here on living and fixed cells by
means of light microscopy, and on ultra-thin
sections of fixed cells by electron microscopy.
MATEnTALS AND METHODS
Hyphal pellets were obtained from liquid
culture media inoculated with T. rubrum eonidia
as previously reported (13). Pellets 1—2 mm. in
diameter were used throughout these studies.
Observations on living hyphae were made on slide
cultures containing a liquid medium sealed under
a coverglass with a paraffin/vaseline mixture.
Staining procedures were performed on whole
pellets without sectioning. Transfer of solutions
and pellets was made with Pasteur pipettes, and
the stained preparations were mounted in glycerol
jelly. Ultra-thin sections for electron microscopy
were made by the methods previously reported
(13).
oBsnnvA'rroNs ON LivING IIYPIIAE
Pellets in slide cultures were examined for
periods up to several days. Growth was measured,
and found to occur only at the tips of hypbae, or
by lateral budding; never by elongation of existing
cells. The formation of transverse septal walls oc-
curred at some distance from the growing tips,
and appeared to be a later stage of development.
Although cells limited at each end by a septal
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wall showed no increase in length, further de-
velopment was often noted in the form of ad-
ditional septal walls, or in the formation of lateral
buds. These new buds usually emerged just
proximally to a septal wall (Fig. 1), beginning as
a slight bulge in the outer cell wall which elon-
gated to form a new filament.
The cytoplasm of living hyphae is diffusely
granular; a characteristic well demonstrated by
dark field illumination. Dispersed throughout are
larger discrete granules and occasional vacuoles.
In addition to Brownian movement, some gran-
ules may move from one end of a cell to the other.
At times granules are seen to pass through the
septal walls.
A much more striking observation was the
sudden transfer within a few minutes of the entire
contents of one cell into the adjacent cell (Fig.
lA), leaving behind a transparent fluid containing
only an occasional granule exhibiting Brownian
movement (Fig. 1B). The septal walls on each
side of this emptied cell begin to bulge into the
space and the cytoplasm from the neighboring
proximal cell slowly moves up to refill the cell
(Fig. 2).
Within a few hours the process is complete and
the cells resume their normal appearance. The
cell which once appeared completely empty may
later produce new buds which develop into mature
hyphae of considerable length.
If the medium in slide cultures is not replen-
ished, the cells begin to degenerate, usually after
12 to 24 hours. The process of degeneration pro-
ceeds through several stages. First the growth of
the peripheral tips of the hyphae ceases. The
cytoplasmic granules aggregate into clumps and
finally refractile lipid droplets appear. The ap-
pearance of lipid droplets is associated with cell
death. Hyphac which contain abundant lipid do
not regenerate when placed in fresh culture
medium.
ELECTRON MIcRoscoPy OF THE 5EPTAL WALL
Electron micrographs of septal pores in ultra-
thin sections of hyphae from different cultures of
T. rubrum are shown in Figure 3. The pore is
often plugged with an osmophilic substance. The
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FIG. lÀ. Living mycelium of Trichophyton rubrum. Slide culture (X 1,500). B. Ten minutes later,
cell denoted by arrows has completely emptied into cell above.
Fiu. 2. Same cell as in Figure 1 at intervals during next three hours. Empty cell is refilled by cyto-
plasm from cell below. (X 1,200)
plug is similar in size and electron density to the
"peripheral bodies" which are invariably found
near the septal walls. In one example (Fig. 311),
one of these bodies is seen lodged in the pore and
appears to separate an empty cell from the one
next to it.
OBSERVATIONS ON STAINED HYPJIAE
Paraffin embedding and sectioning of hyphal
pellets results in gross deformation of the pellet
and of the individual hyphae (Fig. 4a). Improved
preservation of the spacial relationships of the
filaments and of the intracellular structures was
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FIG. 3. Electron micrographs of septal walls in hyphae from different cultures, showing septal pores
and plugs. Ultra thin sections. Black line denotes one micron. G. Lipid material extruded through pore
in hypha treated with griseofulvin. H. "Peripheral body" (P.B.) lodged in septal pore.
obtained by staining the whole pellet without
sectioning (Fig. 4B). Many staining procedures
can be used on whole pellets, including the
periodic acid Schiff technic, lacto phenol blue, and
the Sudan stains for lipid.
The microscopic appearances of fungi differ
according to the fixative employed (Fig. 5).
Formalin fixation produces a homogenous cyto-
plasm but tends also to produce vacuoles. Formal-
methanol fixation is extremely rapid, produces
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FIG. 4A. Paraffin section of hyphal pellet shows gross distortion. PAS (X 120). B. Whole pellet stained
without sectioning. PAS < 120).
FIG. 5. Stained hyphae, showing effects of different fixatives followed by periodic acid Schiff stain
fewer vacuoles and a distinctly granular cyto-
plasm. The sudden change from the aqueous
culture medium to an alcoholic fixative often
results in artificial translocation of the cytoplasm
between cells or in some cases rupture of the cell
walls.
Osmium tetroxide fixation at 0° to 4° renders a
faithful reproduction of the in vivo appearance, but
leaves the cells susceptible to various reagents.
An example of this is the shrinkage of the cyto-
plasm during the P.A.S. staining technic after
osmium fixation (Fig. 6). This is due to the
periodic acid, which causes the cytoplasm to
shrink immediately it comes into contact with the
cells. Alcoholic dehydration of hyphae after
osmium fixation results in some shrinkage and
distortion of the filaments.
Lipid is well demonstrated by the Lacto-phenol
blue Sudan IV method (17) and has been noted
in pellets treated with griseofulvin, pellets grown
in submerged culture without agitation and in the
older dense matrix of aerial hyphae grown on
solid medium. Healthy pellets growing in liquid
medium produce abundant lipid after prolonged
storage at temperatures below 10° C. (Fig. 7).
After forrnalin fixation, the lipid material is
easily extracted with chloroform at room tem-
perature.
Occasionally, in an otherwise normal pellet, a
single mycelial filament together with all its
ramifications is seen to be filled with lipid droplets.
This degeneration can be traced back through
many generations of cells in the same hypha and
13
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Fio. GA. Unsectioned hyphae. Osmium fixed (X 1,720). B. Same hyphae after 5 minutes in 1% Peri-
odic Acid. C. Unsectioned hypha. Osmium fixed, followed by Periodic Acid and Schiff's reagent. Cell
walls and cytoplasm are intensely positive (X 2,100).
Fin. 7. Osmophilic lipid material in degenerated hyphae. A. Light microscopy, unsectioned (X 1,500).
B. Electron microscopy, ultra-thin section (X 10,000).
is a further indication that the cytoplasm in
septate hyphae is continuous.
DISCUSSION
The translocation of cytoplasm in fungi has
been described in detail by Buller (18), who also
reported the presence of a centrally located septal
pore in members of the Ascomycetes, Basidiomy-
cetes and Fungi Imperfecti. No reference is made
to similar structures in the hyphae of the dermato-
phytes, although the pores in the multiseptate
ruacroconidia of Mirosporon feline urn were de-
scribed. The presence of a septal pore in Neuro-
spora crassa has been well demonstrated by means
of electron microscopy (8, 9).
Buller considered the cytoplasm of the higher
fungi to be continuous throughout the hyphae,
enabling filaments composed of many cells to act
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as a single unit in response to stimuli. He de-
scribed the plugging of septal pores by small
discrete bodies as a defense mechanism preventing
the loss of cytoplasm into dead or injured ad-
jacent cells. It is possible that the "peripheral
bodies" seen near the septal walls in ultra-thin
sections perform the role of the pore plug.
The present work indicates that translocation
of cytoplasm and plugging of the septal pores
occurs in the dermatophytes, but it is not known
whether these phenomena are associated with the
transport of nutrient, changes in osmotic pres-
sures or a form of regeneration or repair.
SUMMARY
Observations on the growth characteristics and
morphology of Trichophyton rubrum are reported
by means of light microscopy and electron
microscopy.
Growth of hyphae occurs only at the tips, or by
lateral budding. Transloeation of eytoplasmie ma-
terial between cells is noted, and the presence of
a septal pore is demonstrated by means of electron
microscopy.
Artifacts produced by various fixatives and
staining procedures are described.
Degeneration and death of fungal cells is indi-
cated by the production of intra-eellular lipid
droplets.
ACKNOWLEDGMENTS
We wish to thank Dr. Frank J. Roth, Jr. for the
supply of hyphal pellets, and Mrs. Carole Leigh
for valuable technical assistance.
REFERENCES
1. O'HERN, E. M. AND HENRY, B. S.: A cytologi-
cal study of coecidioides immitis by electron
microscopy. J. Bact., 72: 632—645, 1956.
2. TSUDA, S.: Electron microscopical studies of
ultra-thin sections in penieillium ehryso-
genum. J. Beet., 71: 450—453, 1956.
3. TURIAN, C. AND KELLENEERGER, E.: Ultra-
structure du Corps Paranucleaire des
Mitochondries et de Ia Membrane Nucleaire
des Gametes D'Allomyces Macrogynus.
Exp. Cell Res., 11: 417—422, 1956.
4. LADEN, E. L. AND ERICKSON, J. P.: Electron
microscope study of epidermophyton floe-
eosum. J. Invest. Derm., 31: 55—58, 1958.
5. STUART, D. C.: Fine structure of the nueleoid
and internal membrane systems of strepto-
myces. J. Baet., 78: 272—281, 1959.
6. MooRE, R. T. AND CHAPMAN, C. B.: Observa-
tions on the fine structure and modes of
growth of a streptomyeete. J. Baet., 78:
878—885, 1959.
7. BLONOEL, B. AND TURIAN, C.: Relation be-
tween basophilia and fine structure of cyto-
plasm in the fungus allomyees maerogynus.
Em., J. Biophys. Biochem. Cytol., 7: 127—
134, 1960.
8. SHATKIN, A. J.: Morphology of neurnspora
erassa. Trans. N. Y. Aead. Sei., Ser. II,
21: 446—453, 1959.
9. SNATKIN, A. J. AND TATUM, E. L.: Electron
microscopy of neurospora crassa mycelia.
J. Biophys. Bioehem. Cytol., 6: 423—426,
1959.
10. GLAUERT, A. M. AND HoPwooD, D. A.: The
fine structure of streptomyees eoelieolor.
I. Cytoplasmie membrane system. J. Bio-
phys. Bioehem. Cytol., 7: 479—488, 1960.
11. GLAUERT, A. M. AND HoPwooD, D. A.: A
membranous component of the cytoplasmin streptomyees coelieolor. J. Biophys.
Bioehem. Cytol., 6: 515—516, 1959.
12. ZALOKAR, M.: Electron microscopy of cen-
trifuged byphae of neurospora. J. Biophys.
Bioehem. Cytol., 9: 609—616, 1961.
13. BLANK, H. AND TANnIN, D.: Electron micro-
scopic observations of the effects of
griseofulvin on dermatophytes. A.M.A.
Arch. Derm., 81: 667—680, 1960.
14. TOMOMATSU, S.: A study on griseofulvin. I.
Comparison of electron microscopical ob-
servation of effect of griseofulvin with that
of fungicidal drug. Bull. Pharm. Res. Inst.,
%26, (May) 1960.
15. THROwER, S. L. AND TEROWER, L. B.: Trans-
port of carbon in fungal mycelium. Nature,
190: 823, 1961.
16. LUCAS, R. L.: Transport of phosphorus by
fungal mycelium. Nature, 188: 763—764,
1960.
17. LANGERON, M. ANJ) VANBREUSRGHEM, H.:
Preeis de Mycologie. Paris, Masson et Cie,
1952.
18. BULLER, A. H. H.: Researches on Fungi, 5:
75—167, Longman and Green, London, 1933.(Reprinted by Hafner Pub. Co., New York,
1958.)
